Fig. 1 Stripline
configuration. §

TUTORIAL

REVIEWING THE BASICS
OF SUSPENDED STRIPLINES

Suspended striplines are widely used for several reasons. They provide high
Q-factor, wide bandwidth and good temperature stability. This tutorial reviews
some of the basic principles and new concepts for suspended striplines.

here are several reasons for the wide

I use of printed transmission lines. They
are simple to produce, they operate

over a wide bandwidth, and have small weight
and dimensions. The earliest form of printed
transmission lines was the stripline (Figure
1a)}.!2 The printed stripline consists of a strip
conductor centered between two parallel
ground planes with two identical dielectric
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substrates. Small air gaps can exist between
the two substrates because of fabrication
faults. A dominant leaky mode that can exist in
such a structure results in undesirable cross-
talk and spurious performance.® The detri-
mental effect of such gaps can be eliminated
by using mirror image conductors {Figure 1b)
on top of the bottom substrate and on the bot-
tom of the top substrate. Due to multiple
points of contact along the two conductors,
the electric field in the gap is cancelled. In
practice, the widths of two center conductors
are purposely made slightly different (W, #
W,). The wider conductor is given the width
required for the desired characteristic imped-
ance and the other conductor is made slightly
smaller. In this way, even if the conductors are

manufactured using
slines (SS)

[Continued on page 84]
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A Fig.2 Suspended stripline three-channel design.

somewhat misaligned, the effective width appears con
stant with the proper value.

Many RF and microwave components are manufac
tured using suspended striplines (SS), which yield a high
er Q-factor than printed stripline and microstrip lines
(ML).+7 The SS is a modified version of the stripline. In
the 88 (Figure lc to ) the strip conductors are placed on
the surfaces of a thin dielectric substrate, and the sub.
strate is then suspended in a metal enclosure. The major
portion of the electromagnetic field is confined to the air
gaps between dielectric substrate and ground plates. The
35S propagation is purely TEM because of the uniform di-
electric (air) and the symmetrical

configuration, Such waves have elec.
tric and magnetic components in the
plane transverse to the direction of
propagation.

Figure 2 illustrates the cross-sec-
tional view of a suspended stripline
three-channel design. A suspended
stripline circuit consists of a thin cop-

It your application needs to fit
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multiple output voltages or has
an extended temperature
range, Nelcom’s low noise
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designed to your
requirements.
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tween the housing and cover. Plated
through-holes (vias) and electromag-
netic interference (EMI) gaskets in
the area of the support walls provide
grounding connection between the
housing and cover, channel-to-chan-
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and moisture sealing. The channel di-
mensions should be chosen so that
the spurious waveguide mode propa-
gation is inhibited.

The suspended stripline has the
following advantages:
* it provides low losses and high Q-
factor (up to 500) because most of
the propagated energy is in the air di-
electric
* the air dielectric also helps to in-
crease the integrated circuit dimen-
sions which are crucial for high mi-
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¢ the dielectric characteristics of the
supported substrate have a negligible
effect on the attenuation and phase
velocity of the transmission medium
* a wide range of impedance values
(up to 150 Q) is available
* it possesses good temperature sta-
bility
* with good design, it has no wave-
guide modes

{Continued on page 86]
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* it operates over wide bandwidth

e there is no radiation to the outside
* both sides of the suspended sub-
strate are available for circuit patterns
enabling broadside strong coupling or
combination with microstrip, copla-
nar or slot line

The disadvantages of the suspend-
ed striplines are difficulties in minia-
turization and critical housing tech-
nology.

In the basic shielded high Q SS
(Figure 1d), the parallel strips are
printed on both sides of the dielectric
substrate in a symmetrical configura-
tion. The top-to-bottom circuit board
interconnections are achieved via
plated through-holes. This is realized
by drilling a hole through the dielec-
tric substrate and then chemically de-
positing electroless copper inside the
walls of the hole in order to bridge
the two conductors of the S§. When
the dual center conductors in the S8
are located symmetrically over each
other, they are excited in phase, caus-
ing most of the electromagnetic field
to propagate in the air dielectric.
Therefore, the dielectric loss of the

carrier substrate and variation in its
dielectric constant have negligible ef-
fects on the attenuation and phase
velocity of the transmitted waves. An
added benefit of the symmetrical po-
sitioning of the conductors is that it
prevents the launching of parasitic
modes. The symmetrical geometry
requires tight tolerances on the front-
to-back etched pattern alignment and
additional vias to connect these strips.

In the one-conductor S8, the
transmission characteristics depend
on the substrate thickness h, sub-
strate dielectric constant, air-space
height and width of the strip conduc-
tor. The characteristic impedance de-
pendence on h occurs when the posi-
tion of the dielectric substrate inside
the housing is somewhat asymmetri-
cal, such as when the spacing above
the conductor is slightly smaller than
that below the dielectric {Hy < Hy).
This asymmetrical configuration also
slightly reduces the losses.

The ohmic losses in the above two
suspended striplines are a concern.
The RF currents become concentrat-
ed near the outer surface of the metal

LEss PHASE NOISE.
That's TEMEX ingenuity, reflected in our extensive line of VCO and PLL
- products with smaller size, lower cost, quick delivery and sampling
efficiency. Available in standard and custom designs for any application.
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for an approximate skin depth §.
This is usually referred to as the ski
effect. The depth § is the level 3
which the current I(t) in the conduc
tor decreases to a value of /e (
percent) of its surface value. The sk
depth in a conductor is given by

1
o= wfuo (m) a

[]

where

¢ = the conductivity of the conductor
and the ground plane (¢ = 5.813
x 107 $/m for copper)

it = the relative magnetic
permeability (u = 4mx 10-7 A/m
for copper)

f = the frequency in hertz

In the suspended striplines, cur-
rents are concentrated in approxi-
mately three skin depths. The highest
current density is in the top and bot-
tom plated surfaces that have a lower
conductivity than the main copper
conductors of PCB.

{Continued on page 88]
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celerated etching,
takes place on cop-
per because of
electromagnetic potentials, resulting in poor edge definition.
An additional nickel barrier between copper and gold is used
to prevent gold/copper interdiffusion. A nickel barrier thick-
ness of 20 to 50 pinch is adequate to prevent an interdiffu-
sion problem at temperatures as high as 150°C (solder re-
flow operations).

The skin depths in the three metals which form sus-
pended stripline conductors are shown in Figure 3. In
suspended striplines at lower frequencies, the presence of
a nickel plated layer can produce additional losses due to
the skin effect. For instance, a 1 GHz suspended stripline
circuit with a gold thickness of 50 pinch leads to a current
density in the nickel of 60 percent and a current density
in the gold of 40 percent. An alternative is to avoid using
nickel or use a thicker gold plating (~100 pinch).

The new high Q double-substrate SS (Figure 1e)7 offers
the advantage of lower ohmic losses because the microwave
currents are concentrated in the high conductivity copper
conductors of the PCB. This feature also expands the choice
of plating material as far as its conductivity, thickness and &
technology process. Other advantages of this line are simple
contact between the two conductors (no plated through-
holes) and more integration by increasing the dielectric
thickness or dielectric constant of the two substrates.

In the double-substrate SS, the widths of the two cen-
ter conductors are purposely made slightly different (W;
#Wj), similar to the stripline in Figure 1b. The wider con-
ductor is given the required width for the desired charac-
teristic impedance, and the other conductor is made
slightly smaller. In this way, even if the conductors are
somewhat misaligned, the effective width appesars con-
stant with the proper value.

Some recommendations for choosing the physical di-
mensions of the SS follow. Large height b (the distance
between top and bottom ground plates) leads to a higher
power capability and Q-factor of the SS. The strip width
[Continued on page 91]

A Fig. 3 Suspended stripline conductor
skin depth and current density I(z).
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should be de-
creased in order to
decrease the over-
all dimensions, as
well as to suppress
the high modes. It
is important to re-
member, however,
that a smaller strip
width leads to
l ‘ higher losses. Also,
a smaller strip for
=T the same imped-
SYMMETRY ance requires a

() PLANE smaller height.
Mechanical toler-
ances would be
more critical for a
relatively small
height or relatively
narrow center
- conductors. Any

1 & Y|  vertical asymmetry
- in the suspended
stripline structure
could couple to
parasitic wave-

guide-type modes,

o
-

o+
+

+

+

=T33 bounded by the
SYMMETRY ground planes and
{5 PLANE the side-walls.

A Fig. 4 Edge-coupled high Q suspended Surface modes
striplines; (a) even-mode and (b} odd-mode.  CRNNOt propagate
at frequencies for

which the channel is less than a half-wavelength in width.
The dimensions of the suspended stripline channel in
which the substrate is supported must be sufficiently small
to avoid propagation of waveguide modes. The cutoff fre-
quency at which the TE,; mode becomes dominant is

hie-1
poc fp hfe-t :
L2alb(s) @)

a = width of the enclosure

where

The thickness of the dielectric substrate should be
minimized for the SS in Figure lc and d to minimize the
losses and the parasitic inductance of vias, and to reduce
price. For the new double-substrate SS of Figure le, the
- Substrat thickness can be chosen based upon compro-
mise between integration index and dielectric losses.

- COUPLED SUSPENDED STRIPLINES

- Coupled lines are two or more transmission lines with
- distributed electromagnetic coupling between them. Cou-
- pled lines are a most useful and widely applied structure
that provides the basis for directional couplers, filters,
- coupling elements and phase shifters,

The most convenient method for calculation of cou-
led suspended striplines with a symmetry plane (see Fig-
ire 4) is the method of even- and odd-mode excita-
[Continued on page 92]
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& Fig. 5 Even- and odd-mode impedances
of edged-coupled suspended striplines.

tion.8-11 Then the coupled lines can
be said to have even-mode and odd-
mode characteristic impedances Zg,

and Zy, (the last suffix identifies the
mode). Zy, corresponds to the strips
being at the same potential and carry-
ing equal currents in the same direc-
tion. Zy, corresponds to the strips be-
ing at equal but opposite potentials
and carrying equal currents in oppo-
site directions. The wall at the plane
of symmetry acts as an electrical wall
for the odd-mode and as a magnetic
wall for the even-mode.

When synthesizing suspended
coupled lines, the physical dimen-
sions are determined by the even-
and odd-mode impedances which are
calculated based on the specified
electrical characteristics of the cou-
pled line devices (directional cou-
plers, filters, etc). When analyzing
coupled line devices, the physical di-
mensions are given and one must de-
termine the electrical characteristics
which depend on Zg, and Z,,. Figure
5 illustrates even- and odd-mode im-
pedances for edge-coupled suspend-
ed striplines.

Coupled suspended striplines of-
fer lower insertion loss and the ability
to achieve tight coupling. The tight

coupling is obtained for circuit pat
terns using broadside coupling® F;g
ure 6).

Coupled lines are widely used
bandpass filters. Theoretically, th
first spurious response of a couple
line bandpass filter occurs at thre
times the center frequency. In a prac
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4 Fig. 6 Broadside-coupled high Q
stspended séripline; (a) even-mode
and {b) odd-mode.
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filters and direc-
A. Fig. 7 Suspended stripline/microstrip tional couplers
line low pass filter; (a) top and bottom PCB P :
sides, (b) side view and (¢} LPF insertion loss. Also, Coupled sus-

pended striplines
have lower losses and a lower sensitivity to fabrication tol-
erances than microstrip or stripline coupled lines.

With avery purchase

COMBINATION OF SUSPENDED STRIPLINE
AND MICROSTRIP CIRCUITS

Suspended striplines and microstrip lines (ML) offer
certain advantageous features with respect to each other.”
Although the microstrip circuit occupies a smaller area on
the substrate, it has high insertion losses (lower Q-factor)
and poor temperature stability. For some applications, a
combination of these two types of line provides a higher
performaiice=Beoth sides of the substrate are available for
circuit patterns, enabling this.combination. This concep-
tion is illustrated in the following examples.

A low pass filter (LPF} that uses a combination of S
and ML is shown in Figure 7. This design uses series
high impedance suspended stripline inductive elements
and low impedance shunt microstrip capacitive elements.
This combination of two different lines allows a very large
impedance ratio and therefore very good stopband perfor-
mance in addition to small size. The capacitive element is
formed with the ground plane metallization on the PCB
bottom side under the low impedance line. The PCB is
supported in these areas by a housing pedestal. The PCB
bottom side ground plane is soldered to the housing
pedestal. Inductor elements are realized by meander sus-
pended striplines in order to minimize losses and size.

The measured insertion loss and rejection characteris-
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yYPrrtppas pended stripline and microstrip

SUSPENDED STRIPLINE NETWORK LINE NETWORK (Figure 8). To minimize the req
PIN DIODE 2 input noise figure, the input ¢jy,
PIN DIODE! (BPPFI and PIN diode Ewitch-(;'
INA, basec} on a high Q 8S. The low nq
amplifier (LNA) and another netwg;
—J BPF2, are based on ML. The ML offers
MIXER vantages of size reduction, heat
moval and easy ground connection
The suspended stripline BPF112 {
cludes coupled lines and open-endeg
MICROSTRIP lines. The half-wavelength resonato;
are bent in the center and are connect
ed with the open-ended line. The phys
ical length of the open-ended line ;
equal to a quarter-wavelength at th
second harmonic of the input signal fo
high second harmonic attenuation. Th
C-band suspended stripline BPF
shows the following electrical charac
teristics: insertion losses are less than
HOUSING 0.5 dB, the 3 dB bandwidth is 5.5 per.
cent, the 20 dB bandwidth is 17 per-.
B cent and the second harmonic attenua- -
A Fig, 8 Suspended stripline/microstrip receiver block; (a) top PCB view, (b) PCB, housing, bon 1s greater than 40 dB_'. . :
cover side view and (c) transition from suspended stripline to microstrip line (without cover). The suspended sty 1phne, two-
diode, shunt-iterated SPST switch is
than 60 dB in the frequency range The second example is a C-band  also shown. For PIN diodes"
between 2 and 10 GHz. receiver using a combination of sus-

|inpuT

\.l

SUSPENDED
STRIPLINE

"

N ¥4
(b) VIA PCB DIODE FLANGES
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M5X3736 (Metelics) with a junction
capacitance of 0.12 pF, the optimum
spacing between diodes is a little less
than a quarter-wavelength (electrical
length ©<90°). The main objectives
in the design of the suspended
stripline switch are low insertion loss
and high isolation. This C-band
switch provides isolation greater than
50 dB and loss less than 0.5 dB.

The suspended stripline switch is
cormected to a microstrip LNA, BPF2
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and a mixer. The microstrip design of-
fers advantages for heat removal, a
good ground connection and small
size for the LNA and output elements.
The interccnnection between the sus-
pended stripline switch output and
microstrip network is shown.” The top
conductors of the SS and ML are posi-
tioned on the same side of a single di-
electric substrate, and share the same
top ground plate (cover). The bottom
concductor of the §S has no connection
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with the microstrip bottom groug
plate (space S), which is connecte
with the bottom SS ground plat
{housing). Improvements in ban
width and size minimization can b
carried out by adjusting the transitio
line shape (gradually decreasin
width) and space S. Experimental r
sults are 0.1 dB insertion loss (max
and 19 dB return loss (min) in th
C-band frequency range. This exam-
ple of a combination of suspended
stripline and microstrip elements is ef-
fective for simultaneously providing
frequency selectivity, low noise figu
and small dimensions. M
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